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D I S C U S S I O N ON " S I N G L E - P H A S E H I G H - T E N S I O N P O W E R T R A N S 
MISSION AT N I A G A R A F A L L S , N. Y . , J U N E 2 8 , 1 9 0 7 . 

(Subject to final revision frr the Transactions.) 

Chas. P. Steinmetz: In this paper Mr. Y o u n g gives a dis
cussion of the relative economy of the different transmission 
systems. In bygone years, considerable discussion took place 
o n this point, and it was shown that the three-phase system re
quires only 7 5 per cent, of the copper of a single-phase system or 
a four-wire two-phase system, on the basis of equal maximum 
electrostatic stress. Wi th the change of industrial conditions, 
such conclusions will have t o be revised. W h e n the matter 
was discussed before, when the statements were correct, because 
in those early days all electrical circuits were operated as isolated 
systems without grounded neutral, and in that case the voltage 
which came into consideration was thp voltage from conductor 
t o conductor, across two insulators, H U U In that case the three-
phase system has an advantage of 2 5 per cent, in copper. 

Now, with voltages of 6 0 , 0 0 0 or more, it is almost always the 
cus tom to ground the neutral, and in this case the max imum 
stress is from the conductor, over a single insulator to ground, 
corresponding to the voltage which in the single-phase system 
is the voltage between the conductors divided b y two, or half the 
line voltage. In the three-phase system the voltage between the 
conductors is divided b y \ / g ^ or the Y vo l tage: in other words, 
when operating with grounded neutral, all systems, single-phase, 
two-phase, or three-phase are exact ly alike in their copper econ
o m y . They are all combinations or multiples of single-phase sys
tems with grounded return and zero resistance in the return. 
All these systems, as we know, theoretically can be considered and 
are considered as a number of single-phase systems, each system 
being one of the transmission wires, returned over the ground 
with zero resistance in the ground. The statement that the 
three-phase system has an economy in copper of 2 5 per cent, is 
not correct any more for the high potential line with grounded 
neutral, but at present with grounded neutral the three-phase 
system does not offer any advantage in copper economy over the 
single-phase or four-wire two-phase system. The advantage of 
the polyphase system over the single-phase system is only the 
greater usefulness of polyphase power, since the largest part 
o f the power is always used for synchronous motors, induction 
motors, synchronous converters, etc. The advantage of the 
three-phase system over the two-phase system is the advantage 
of three wires over four wires. This is what upholds the three-
phase system at present. 

In comparing the three-phase or single-phase system with 
direct current high-tension transmission it was pointed out in 
the early days that they cannot be compared as regards copper 
economy, on the basis of max imum voltage or effective voltage, 
because one stress is alternating with the average equaling zero, 
the other stress is unidirectional, and so all those effects of the 
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electrical stress which are unidirectional, exist to a very small 
extent only in the alternating current system, while prominent 
in the direct current system, and all those effects which depend 
on instantaneous voltage are greater in the alternating current 
system. So direct current high-tension and alternating current 
high-tension cannot directly be compared on the basis of some 
voltage, average, effective, maximum, or whatever it m a y be , 
but require a further investigation which the future will g ive ; 
and the future will indicate whether the direct current high po 
tential transmission should be reintroduced to any appreciable 
extent, which b y the way I do not believe. 

E. H. Schwarz: It is obvious that in single-phase trans
mission, single-phase alternators might be used, and I would 
like to know where there is a low power-factor due to a heavy 
overload, whether the armature reaction in a single-phase ma
chine knocks down the voltage less than in a three-phase ma
chine ? 

Chas. P. Steinmetz: The opposite is the case. In a single-
phase machine the armature reaction lowers the voltage more at 
heavy load and low power-factor than in the polyphase machine, 
and not only lowers the voltage but also changes the wave shape 
b y superimposing the triple harmonic on the main wave. The 
result is that a machine cannot be operated at the same output 
single-phase that it can be operated polyphase; that is, a certain 
type and size of machine when built single-phase must be rated 
at the lower output, probably about three-quarters of that when 
built as a polyphase machine. • 

E. H. Schwarz: In making short-circuit tests on three-phase 
and single-phase machines, I have noticed that it takes less 
field current in single than in three-phase. I thought that was 
due to the fact that in the three-phase alternator the max imum 
current in one phase would demagnetize the field at a time when 
the other phases should be generating a certain voltage, while in 
the single-phase alternator the demagnetization due to max imum 
current could only affect the one phase of the machine, and since 
the voltage would be zero at this time, the demagnetization 
would have no effect upon it. 

Chas. P. Steinmetz: If there is a three-phase machine and it 
is short-circuited single-phase, it will require less excitation for 
the same short-circuit current as when short-circuiting the ma
chine polyphase. But the same current in the single-phase ma
chine corresponds to less power, since for the same power the 
single-phase current should be times the three-phase current; 
while with the same current the field excitation and the regula
tion may be better single-phase, with the same power ; that is, 
v ' 3 ~ times as much single-phase as three-phase current. The 
regulation single-phase must be very much poorer than three-
phase; in other words, at equal output, other things being the 
same, the single-phase machine gives poorer regulation and also 
a greater heating than the three-phase machine. Inversely, 



1907] DISCUSSION AT NIAGARA FALLS 1681 

to get approximately the same regulation and heating in a single-
phase machine, the output has to be reduced considerably be low 
that which the same machine would have as a polyphase machine. 

C. T. Wilkinson (by let ter) : The feeling aroused not only in 
Europe but also in this country in regard to the high-tension 
direct current system of transmission devised b y Mr. Thury is 
illustrated b y Mr. Young ' s interesting paper. As one who has 
observed somewhat carefully the operation of this system I 
beg to offer the following comments . 

First, and possibly the most important consideration, is 
telephonic and telegraphic disturbances, due to the grounding 
proposed b y Mr. Young . Where this one-phase system operates 
under normal conditions it is uncertain whether serious trouble 
of this character will develop, but it seems highly probable that 
when running under the emergency condition proposed b y Mr. 
Young in a case of a breakdown of one line that very serious 
difficulty would be expected. 

The connection of the two high-tension transformer windings 
in multiple, as shown in Fig. 3, doubles the current of the trans
mission line and, therefore, increases the losses four times while 
it is possible that regulation would be seriously interfered with 
and that considerable trouble might be experienced due t o 
hunting or surging of the single-phase synchronous motor-
generator sets at the receiving end. 

In the case of a ground on the direct-current system, Mr. 
Young states that one-half the motor-generators will stop. In 
this connection attention may be drawn to the method of building 
the Thury sets in semi-groups, each semi-group containing t w o 
armatures on the same shaft which are connected in series, the 
idea being that if the station capacity is to be increased at any 
time, it can be done b y connecting these two armatures in 
multiple, thus doubling the current and halving the voltage. 
While, of course, the switching arrangements should enable 
this to be done rapidly in case of breakdown, this would some
what reduce the present remarkable simplicity of the Thury 
system. This method would solve the difficulty quite satis
factorily, though of course the line losses would be doubled. The 
semi-groups being thus connected in multiple, they would all be 
thrown across between the earth and the remaining line. 

Perhaps, it is worth while considering the arrangement Mr. 
Thury has devised in case a breakdown occurs where it is not 
desirable to ground the whole line. In these cases he places the 
transmission line (as in the case of the transmission from Mou-
tiers to Lyon) in several sections, providing what are called 
" earthing-cabins " at intervals in order that only the broken 
section of the line need be earthed. With regard to Fig. 4, it 
seems at first sight as though greater simplicity ought to be o b 
tained, since a large number of high-tension large rupture capac
ity switches must be employed. Further it is not quite clear 
why four transformer tanks must be used; would not two sepa-
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rate tanks be ample with a third in reserve ? Possibly Mr. Y o u n g 
would be kind enough to explain this matter a little more fully. 

When comparing this system with the direct current system it 
must be remembered that it is a comparatively easy matter to 
guard the latter system from lightning trouble; but in spite of 
the high advance made in all types of lightning arresters in recent 
years, trouble is occasionally experienced with alternating-
current transmission. 

The further troubles due to capacity and inductance need only 
be referred to, since it is, of course, thoroughly appreciated that 
their absence is an inherent advantage of the direct-current 
system. It might be well, however, to hold in mind that with high 
voltages the direct-current system allows the line wires to be 
somewhat closer together with resulting economy in transmission 
towers. 

G. T. Fielding Jr. (by letter): While engineering practice 
sometimes drifts in the wrong direction, it seems as though there 
are legitimate reasons for abandonment of the original single-
phase machinery and systems, passing of the quarter phase, and 
then gradually but surely settling down to three phase. 

Engineers and station operators have not a very friendly 
feeling toward single-phase machinery, especially in units of 
appreciable capacity. The heavy vibration under load, the 
excessively large exciting current with inductive loads, and in
ferior regulation do not add in its favor. The most serious draw
back to the single-phase synchronous motor is the lack of starting 
torque, and with units of large sizes difficulties in bringing up the 
speed and synchronizing in would be anticipated. 

A single-phase motor caused to drop out of step b y momentary 
overload or any passing cause cannot of itself regain its syn
chronism as can a three-phase machine, but will quickly come to 
rest. 

The cost of a single-phase machine would probably be about 
2 0 % more than a three-phase type if figured on an all around 
equal basis. 

Though it is said that the switching would be simpler with the 
single-phase system, it is not evident from the writer's layout in 
Fig. 4. It would seem that the half transformer might be ar
ranged to connect in series rather than in multiple in case of the 
failure of one line. The amount of power transmitted upon the 
same basis could not be doubled b y making the multiple connec
tion, and if the line insulators were based on a liberal safety-
factor the series combination should reasonably be maintained 
until repairs are made on the damaged line. 
^ While Mr. Y o u n g calls to attention some interesting points in 
making comparisons, it would seem that the disadvantages of 
single-phase machinery would weigh heavily upon whatever 
merits there may be in the transmission. 


